It has been well accepted that in the presence of sufficient amounts of ATP and magnesium, the contractile protein of muscle, actomyosin or myosin B, exhibits a relaxation phenomenon when a small amount of calcium is removed from the system by "relaxing factor,"' or by calcium chelators such as 1,2-bis-(2-dicarboxymethylaminoethoxy) ethane (EGTA). Ebashi and his associates2 3 reported that this relaxation phenomenon occurs only in the presence of a newly discovered protein in the contractile protein preparation. This new protein was called by Ebashi "tropomyosin-like protein," "native tropomyosin," or "troponin." However, we shall call it by a single term, "relaxing protein."
Ebashi and Ebashi3 obtained a "partially purified preparation" and a "purified preparation" of the relaxing protein, but they reported that the "purified preparation" was chemically more pure but weaker in relaxing activity than the "partially purified preparation." Using Szent-Gyorgyi and Kaminer's metin preparations as a starting material, Azuma and Watanabe5' 6 showed that a fraction precipitated at 50 per cent saturation with ammonium sulfate was active as a relaxing protein.
We have therefore applied salting-out with ammonium sulfate for purification of Ebashi and Ebashi's relaxing protein, and have been able to obtain a preparation chromatographically as pure as their "purified preparation" and as active in relaxing activity as their "partially purified preparation." Moreover, gel filtration achieved a further purification of the relaxing protein.
Materials and Methods.-Rabbit back and leg muscles were used for preparing relaxing protein and myosin B. "Crude extract without acetone treatment," "partially purified preparation," and "purified preparation" of relaxing protein were prepared according to Ebashi and Ebashi.3 Trypsin-treated myosin B was prepared according to Maruyama et al.,7 but the myosin B suspension (1 mg protein per ml of 0.1 Al KCl buffered with 20 mM Tris-maleate, pH 7) was incubated with trypsin (10 ,ug per ml) for 10 min at 250C instead of 30 min at 20'C.
For chromatographic fractionation of various proteins, a column bed 2.5 cm in diameter, 85-95 cm in height, and containing approximately 15 gm (dry wt) of Sephadex G-200 was used. The chromatographic medium was 0.3 M KCl buffered with 20 mM Tris-HCl (pH 7.5), and the flow rate was 15-40 ml per hr. The operating temperature was about 50C. The collecting tubes contained 5-10 ml each, and the absorbance at 278 myA (sometimes also at 260 m~i) was measured for each tube.
ATPase activity of the trypsin-treated myosin B was measured by determining orthophosphate liberated from ATP. Superprecipitation was measured by the increase in absorbance at 550 mju upon addition of ATP.8 Protein was determined by the Biuret reaction,9 using bovine serum albumin (Sigma Chemical Co.) as a standard. One milligram per milliliter albumin (6.25 X nitrogen) gave an absorbance of 0.064 at 560 mju in the Biuret reaction. Tryptophan content, ribose content, and sulfhydryl (SH) content were determined by the glyoxylic acid method,10 the orcinol method,'I and Boyer's method,'2 respectively. Ammonium Sulfate Fractionation.-In the preparation of Ebashi and Ebashi,3 22.5 gm of solid ammonium sulfate was added to 100 ml of their "crude extract without acetone treatment" (approximately 6 mg protein per ml), and the precipitate formed was removed by centrifugation. To obtain their "partially purified preparation," the supernatant was dialyzed against 0.1 mM NaHCO3, condensed over solid NaOH in vacuum, and the insoluble materials formed during these processes were removed. Their "purified preparation" was obtained from "partially purified preparation" by isoelectric precipitation.
In our work, however, the supernatant (2-3 mg protein per ml) obtained after removing the precipitate formed by adding ammonium sulfate was subjected to a further fractionation by salting-out with ammonium sulfate (Mann Research Labs, Inc., special enzyme grade). All the operations were carried out at about 20C and sometimes in the presence of 2-mercaptoethanol. When 7.5 gm ammonium sulfate (total approximately 0.3 gm per ml) was added to 100 ml of the above supernatant, only a very small amount of precipitate was obtained (fraction I). The largest amount of precipitate (fraction II) was obtained by adding 3.75 gm ammonium sulfate (total approximately 0.3375 gm per ml) to 100 ml of the supernatant after removing fraction I. The second largest amount of precipitate (fraction III) was obtained by adding 3.75 gm ammonium sulfate (total approximately 0.375 gm per ml) to 100 ml of the supernatant after removing fraction II. Fraction IV was obtained by adding 11.25 gm ammonium sulfate (total approximately 0.4875 gm per ml) to the supernatant after removing fraction III. The supernatant after removing fraction IV still contained some protein. A typical example of the yield of each fraction is given in Table 1 .
These fractions were dissolved with 0.1 mM KHCO3 and dialyzed overnight against the same solution at 50C. They were then tested for their inhibitory effect on the ATPase activity of trypsin-treated myosin B. The trypsin treatment is supposed to remove the relaxing protein from myosin B. In fact, the ATPase activity and the superprecipitation of myosin B thus treated were not affected by the addition of either 0.1 mM EGTA or 10 AM CaCl2 unless the relaxing protein was reintroduced. The inhibition of ATPase or of superprecipitation in the presence of EGTA therefore measures the activity of the relaxing protein. Fractions III and IV did not, but fractions I and II did inhibit the ATPase activity (Fig. 1) ; that is, the former were inactive but the latter were active. Fraction II, in particular, was as active as the "partially purified preparation" which was reported by Ebashi and Ebashi3 to be the most active preparation they ever obtained. We also performed the salting-out in the presence of 0.1 mM 2-mercaptoethanol, but again only fractions I and II were as active as the relaxing protein, and neither fraction I nor fraction II was improved any further in its relaxing activity.
Sephadex G-200 Chromatography.-When the starting material was "partially purified preparation," the chromatogram showed the presence of four components: a, ,3, y, and 6; a component was the largest and only nonretarded component (Fig. 2) . The "purified preparation" lacked -y component. For comparison, chromatograms of Blue Dextran 2000 (Pharmacia Fine Chemicals, Inc., nonretarded), bovine serum albumin (crystallized and lyophilized, Sigma Chemical Co., mol wt = 69,000), and soybean trypsin inhibitor (3 X crystallized, Sigma Chemical Co., mol wt = 21,600 and 14,300)'3 are also shown in Figure 2 .
The existence of these four components is more clearly revealed in chromatograms of those fractions obtained by ammonium sulfate salting-out (Figs. 3 and 4) . Fraction I is a mixture of all components. In fraction II, component Py is greatly reduced. The 3 component is the main component of fraction III, and fraction IV is rich in components A and y. It may be noticed that "purified preparation" of Ebashi and Ebashi3 is chromatographically very similar to fraction II, lacking the 'y component (Figs. 2 and 3) . When isoelectric precipitates, formed by adding 20 mM K-acetate buffer (pH 5), were removed from "partially purified preparation" or from fraction IV, 'y component was the major component in the chromatogram of the remaining solution. An example with fraction IV is shown in Figure 4 . Ebashi and Kodamal4 have recently reported "a new protein factor promoting aggregation of tropomyosin." This new factor, according to them, remained unprecipitated on acidifying "partially purified preparation" to pH 4.6 in the 1 M KCl medium. for the fraction unprecipitated upon addiFlow rate = 15-25 ml per hr.
tion of 20 mM K-acetate buffer (pH 5) to fraction IV. Sephadex bed height and flow rate were the same as for Fig. 3 . Therefore, our chromatographic result shown in Figure 4 suggests that y component is chemically identical to the new protein factor. In this connection, it is also noteworthy that oy component was absent from the chromatogram of metin preparation obtained by isolectric precipitation. 5 The a component of fraction II, 13 component of fraction III, y component of fraction IV after removing precipitates formed at pH 5 (Fig. 4) , and 6 component of "partially purified preparation" were separately collected and dialyzed against 0.1 mMI KHCO3 overnight. Then they were tested for their inhibitory effect on the superprecipitation of trypsin-treated myosin B, using the same medium as that for testing the effects of fractions I, II, III, and IV on ATPase. Only a component was active, although its inhibitory activity was A | A 9-X 0 X not improved compared with that of fraction 2 -(/3',') -_ IL (Fig. 5 ). Since about 90 per cent of fraction II, as estimated from the chromatogram / Co1wrq a' (Fig. 3) tive effect of 2-mercaptoethanol on SH groups of the preparations, although the SH content in ca component increased in the presence of 2-mercaptoethanol, and blockage of SH groups by p-chloromercuribenzoate caused a decrease in the relaxing activity of a component.
Some properties of these chromatographically purified components are given in Table 2 . The f3 component contained no tryptophan, and gave a high value for the 278-ms/260-mM absorbance ratio and a relatively low value for the 278-mp absorbance. These properties are characteristic of tropomyosin.5 The SH content of fi component was increased to 5.3 moles per 105 gm protein by the use of 2-mercaptoethanol, but its activity as relaxing protein was nil. This appears to conflict with a recent report by Mueller15 that tropomyosin, if prepared in the presence of a protective reagent for SH group (0.5 mM dithiothreitol), contains 4-6 moles SH per 105 gm protein and has the activity of relaxing protein. However, Mueller, in his test for the activity of relaxing protein, employed relatively high concentrations of KCl (0.06 M) and of tropomyosin (0.1-0.2 mg/ml tropomyosin for 0.4 mg/ml actomyosin), which were reported by Azuma and Watanabe5 to be inadequate for testing the activity of relaxing protein. Besides, a possible contamination of our a component has not been avoided in Mueller's tropomyosin preparation.
Summary.-The relaxing protein found by Ebashi in 1963 was purified by precipitating it with ammonium sulfate between 30 and 33.7 gm per 100 nil. Sephadex G-200 gel filtration revealed the presence of at least four protein components in the relaxing protein preparation. Only one of the four, but the largest in amount, proved to be the active component of the relaxing protein. Two of the other three are suggested to be tropomyosin and a new protein factor promoting aggregation of tropomyosin, which was reported by Ebashi and Kodama in 1965. The fourth component was a trace amount and was not studied in detail.
